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~~Mithods are Mivnn for ea.1i'g.he otfgc~~iv@ infrared radi-

ation from aerneivtiamliLa1v ha&to'cl vindows or spka The radiation

generally hh& a t ime~-viryinj tornponent due *I~hor to non-wabif-rm ir-
radia.ioh of the choppinlg rci.iev ( r from ýo~;klnj At varioua parts tit f.

heated window or spike due to scanning ot tra-Aing o'perations. Me~

time-varying rasdtatlv ,tm :1hr dt-tetr kIt sho*Nwn t.'b# e~yoea~

i1 the. scevning Ireque~nh ) to rmaCle smyal corpa-re-4 with thoi. e.1vratihg

freqtivneaeu lvassed by the' amplifying~ u),trrf.

TR ZZ711

CONFIDENTIAL



CONFIDENTIAL

IN I HuW!TicrUN

It zimi smile with Ar. jil r. rvd deLion ayalUz1 4)1tI 1 Its iUuMC ,cru-

dynamicn li.%limg a'L aumv Lthe liprsir t1.V.. wAIndow (IR dr1i..) to ierrdiat.-

the' dv fr.-Lor In f lig~ht .ii high man~h n~umbeirs, the tadiaiunor fromi the

wanclow* (Alcd a " faisc sign.4i ", Ina, ( o111pl.'t-'y 1indik Lthe signal from

th, targetL. In sic. h Lases, , somen ,nilOwd must bc found Lu reduc..e the

w,w'iiWw radia;%un. U.nc, posuluility in to replace tlne Waindow by st nar-iow

spiko an suggested in N.-f. 1. 'rhv spiky separate@ the flow over the front

of the missils, ri-dutng both ';he-~~de~t' dram And heating~. The

spilie however, w;lI huo ~,in hot aaid radiate. This repo'rt dealsa with thni

radiation fror'. ths- 19 dnonic i'. Part I And wp~h the suike radiiAtiu. itt I'Art

11. It .* asasumied that th- jemnpoCa Lu:.' disLtribuition on Lb.' apikv~ or

window ao krnuiv. : f.ruj,, i-a I ýrr are &IAt.r'l~d fur severa.l L.ases 11,

lR4 1. '.1o ro -x~anji v. In this lire seiti rrepurt , method a ti re given for c.~lL U -

laling the- rauiativri rca.2 hinb the delcit tor frovu heatedl window aAnd spike s.
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IAIRT I

RADIATION FROM IR DOMES

A. INTIOUDUC'ION

"T'hii part of the rt-port deals with the signals which are rc-

tejiveil by the de-tector d( c to the ak-rudynamni heating of different typ -

of wiivdowu. I; evath ituse we have considered that the window "s used

to protect a Sidtewinder typte IR system (Hef. 3).

The Sidewinder type system considered consists of a folded

opt.eal &yst:,r' having a prirnai-y mirror which receives radiation and

reflect.I it to a seconidary plane mnirror where it is reflected and eant

thruoulh a reticle pattern (chopper) onto the surface of a detector (Fig. I).

The oi.l of view of this system at any instant is three dlereeB and the

totat rotatien of tlhe optical system is pins or minus Z0 degrees from

the missile 8%is. Ib this geom.:try, th- secondary mirror, itself, acts

as .1 mask blocking out the center of the incoming radiation field.

1B. FALSE SIGNAL FROM A HEMISPHtERICAL WINDOW

The window radiation at the detector will have, in general, a

tiline dependent part superimposed on a steady background level. Since

the nTun varying (IDC") level will not: b! passed by the amplifiers in

the detecting system, its effect will be -nly to raise the background noise

of the detecting cell thus reducing its overall senaitivity. This problem

has been treated in detail in He[. .L We will now consider the time-

varying part )f the window radiation.

The cirne-dependent irradiation at the de:ector may be generated

by the heated window in a number of ways depending on the seeoker system.

The Sidewinder type Fystem looks through different parts of its window

as it tracks. If the window 5-- at a uniform te:mperature then no unsteady

false nienal will be generated by the tracking motion since equal window

TRON D N I I
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ar" ,,i s Awacs vvn, NWnii thu wbiad" is waut il t u naiformn tt ajit' ataurr

fwla' tw',,i s ran be' larw~luvad ina sava'ra \dam wltkii wMl 1w, stpq ra"Rly

*analv~mi'd ill tlt' llaaa s' tti.

Signaala Yaa~ r~atit Nat, Uaiitavit Irt, 4i&atiara kd .lapf

Wilt IV. wi iW rlL Il,.kt I V a Il 'iaaI q '4 Il VbAUII Latn -I l ! a a ia,'nde liat jl'tn

uaiauiiaaai irrasdwhtan tait Ora c ialwpp'r, ili .a lutisc signal tan Ura La juli cii

Fora *a~ m vaa ItapIhIii ., a ,[ Lit, Vapia, i%,I s >%tv tI t lI I- witidaUR kA it c,

divinjl-d mill~ thrt- p'., a I. Oiw a ll. -~ All jaraai, v ,,, I 't'at'a l Viea

ciippaa a andl hiiua , aau Jaui.he mnadl. tAnodaa't, jiaari ion will 1'. ,1aani r' ir -

ra-.liatiuii ul ti~lt, , raija %h"~j h Ai ntaatatria at .abuunt. v hlmlq r .am A

'.na ,i h, Uwrlac urv , .011 prudtva t,i aia btL Ia heatl a ra',aaitiaiaa

mmAiall lpurtiý V1i Mv,. wjtidauw A a trr~d.,lVat the .'a ki aaarall .l aaa)S aa))etl-t

&ASA!d'-,!! 17ilarc, r-saaalt ii & A .ia hiliAaal.

Aaa asardiaag to 1(uJ. 1, Ol- )rii ttaltiltt ul ti,,- ruit It- isn ialua-antri-

tnl tiluAa til- uttaltil ~Amu, yau. dmgj. Own Wka~.tiaag lt~faa ia MAK wt hAt,

vul 'imie fu ratil-' byv vwaattoa .a ra'A A and Lý (ill k iý. :) miwiit that 11y" axs

'1Ia' .allaaatlt Ihaat insaratt 'A'It~lln th. luau I' .Ajrnaala, wlaaia htti-a lut

art- giv it b,, G, k- atd U. I-, rt-%pekivA;' I, ,li alivu ia-a aiva-d uti own ru-a tit a

C. (t ii.IIaa, tilt radaiauutaaiaIrui a tal- t un, Owa a Ktr,'Ittc jelL jrra,aiiatvu

onýuaaa f OwA tl, itia .,. Al Ow r~aalA.wiga, laiti mluves, to Jltar ai~i

jura- kat thae i.ttiate it, ilat,itimAa~ta il kaatti. %ti we miuvv ittu ra.-jvtut A, tIII

rvEta!,it'- a's oan-taari, All, ilian mallta(I.

W~laivi thit irrada xitja (A Viin- relit ac in j,tata-m tsyuimttricai, tilt-

bpjiim~itaý uf tit, ralti. I.,- .ill taaal~ahata' ýUllw ~~iraactiu uf 0"e ilhx .at tlt-

a~laajjit~ Zapaaa v.Tomai, WHRla tilt, tutitaloviaaitaaat ofi 'saaal flat-mSyr.-

jaia-tria~al iri-adi..tivta 's iaa~wll, it m bl.,, ma' iataluatt'i Wu 9w~ £aawaan W

As Ilia " m""aa-" a anai w.naaptI, radhatloti .arkaaaad alilt! ayijnataailari, s

Oaf th' .afa!nikaS A, 11, %ajuC sllzzailla' that the u.vkrajov jntvata-,-a '4 rudi-

a tita iS tla a s ii a antd NL~ it6ci r~atio vi tWn taAl r ad iatiua fraon aVia aaua - i

ainjili Wn thE fAmji A, IS i% inyloalartiaiat tthe U!(- a'tt ;arv'a of flea
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window in them. (For the hemispherical window there iI a nmiLL efteci

due to changing efiettwtv thicknoes of the window which has been nag-

lectee here). Thuretort

what4,,1) ia" tni di'iA i&c. to the snirror, an• it, and RA are llustrated in

Tag. 4,

The azTplitude of the modal.%ted radiation is less than the total

Irradiation from the non-•* anntit. Thcrv are two important types of

radiatlon detributlon on these annui which result In no modlation wh&t-

soever. U certain sy-mmvries extit in the radiation from the *non-ul

arnauli, then to first ordwr there is a mndlorm irrad,.tion of the reticle

and no mo4oalo.l.z U jual radiators are placed in the pair of positions

Mh and N marks,,, balow, this aitoation holds

Uh N
"a *iotaCOr,, X. froa thi left edge. of G a distancc, x, from tht twft edge of I'
"a cilawrin.., x. from the left o4ge of D A oiatanco, x. from the left edge of Z

MAvre important ie the case of the radiation pattern on the window

which is cylindrically symnotrit. with respect to the optical a•xs. In this

kAsa the irradliation of the detector it also cylindrlially a-,mmetric and

thewrs is no nmo%4latiot..

Z. False •iSs•al Due to RMoti•,n of Optical Systern wth Respect to
Missle Window

In tracking or searching when the Aperture acaan acrots tha radi-

Qt1ont nov-1rrform•ties on the window, the detector sees a false signat

%-.hose fre(%4ency in sornr function of the ocanl•nag rate. In this maOnr

a false signal m;jht he produced that has aharmonic at the chopping fre-

quency.

TR Z7. 3
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Ow ila Lo the vcuto Lry ol thec folded mirror systemn, ratdiation

froll. LI&L tar gct passv stl~U'rouýJ ani .ammiuios of the window, c ente red un

tlhu up; .11 a ý. is~. The -Ijtical axl 'ii l Irt to nnov( + 20' with rt'spet t to

Wg Ak u W Lhe v ~ a in; trz~uk.111 .1 L.trgrt. W.- Ai '11. l h, :, V.,

r~adw.i.auta I raaai thu annulusu int idut- atoil tile d-uctu' or %,.Iwý rit, re., a -l r'i

tiv& moiiutio bi-twvena thv uptLHat l avstvii and the window.

I he huaniajhe ri t -fiec. dv radiatiusi f: oz points oil thc wilido"'

L.M m~u~ L:%~At, .t aI ,-u tvit -pvra turv alait r autimi of Fig.I

(~roan Ref. Z.) fur flig:ht at N1 r- 1.5~. .&aa.1 ii. ~Ai altiuudu -al 50,,.'QU feet.

I!- rid~at i~u d~otr ibuLivii ia sy-anauietr ob,) Libot- t lirCIm~iU:l of fll'otlul

U.oUI t3"e iI lC. Ina Yll". at thLis dIat~r IbJ.t;uo hAas been piittcd. If i a

h.w joIaiva atigui with, rvo-a (I' cit 11w Udir- , om -f moitdon, tile hvis1Ii)!i'rr4

raJ..atauo, is -& 1 I repr -seitted it) tieq fo rm

'1him hr fig,-iri-a ,0 iur-i :, t" A. .ailk~. , lt-a..ý ujf 5, nm. and mdcuil.-

tile ufLC4t Wd wall ql t; i-anamix: i:y 4iv- all j--a tal ri- pons e of the

deLe~uLL. H.aiu~ a1Ps LtmIt).

Lit U bea ' t0.v to .ang.aijj betvcuer thue axi ul ti i upti~a. bý stilli

am!1 u. .!rhilriar) plumt 11 iii- l~-jiI , Uiit bv 11w V(i - Wrii oal auglvI

1xvtee w tailte opl~it AL '.ý- avae the .ixa aOf t0.u telumpura ture di utr abltiun (%(-t-

I ' 1). 1-11 VT1n it i as ii4- At gii[a r c m-rd. aoutlv of P ~wi th ris-Kirt- t to' ta,-

ILump- rat ;,r- .tf * \, Ii.%

NQW Lunaiid,.r tie radiation Allo- % t.i Vfat' arca dA &. V (within the

antai'AUa) into the chopper. ;.ct dl4 be the aulid anglL ubt~ijended by tht-

chaappu r (4.i btrel thurough tic Optic s) Lit 11. SliaLL tile cOW1ppr is in tlhet

focal PAaIIu Of tIC OptiCal a>~CUf*d2 16 Luist&anL I-r all points of the an-

tailus .ind is euc al to the solid an..l vf the- field of vie-w Moen by Lhu chopprr.

The projection of dA nornh&l to thu linu ol sgjht tu tile damteL ii

diA coo 0. He-nce the radiation irom dA into the detector

THR277 4
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dS jo i (kij) LOS 0 dA :44)

01f2 and 0, reprrvacnt the pular angular Umi)As of the annulus.

then the total rudiation from tha annulus incidenrt un. the detector is

where *is the Aximiuth wf the point P with reaper, to th eys~~'~ temn
of coordinates. Introducing lEqs. (_') and (3) ~'obtain

0 r,

where *1 is the azimnuthal anglu of the tenipvrat'4z.ý axis with respect to

the optical System of coordinates, and where a is 0,001, 1) a 0.001Z.

The term involving #1 varaiiahe. ona intrigratlmn. Ytac rerraining terms

are iblc~gra- 4 lta yield

Sm R8 dO (min' 01 - sin' 4, coo a (c2F 30, -an 38 )} (7)

a A + B cos. a (8)

the coefficients A and B beLn. ring by the -hova relation.

The; consa.nzse far Lhe Sj~awindnr a) BLeza have "een taken as follows:

R I Z.5 cm.

ja -1.71 X 10'4 Pterad

The coeff', cients A and 13 may then be c-amputed iq

A 3.58 micro-vatta
Z .53rn-wtt

TR Z275
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1'Ie ti orier spectrukm Qf the false signal :vpendis on the be-

hvý'Q o± the angle cy. For a linear variation of ar.gle of attack

(a = const) Eq. (7) is already a Fo.irirt scries. The mamimurn track

rate fur the assumed systemv is 10 /ec (Ref. 3); this corresponds to

"a frequency of l/l12 ps. Since the Sidewinder electronics system has

"a passband at 1500-1000 cps, it is reasonable to assumne that this false
signal to of n'-Fg!ii;:b!e i."p.e:rtanc.-.

We ImAy .fur' con, Ile that the false si~nal dur to tracking

throui~h various ],rts of the hemisphere is nigligible. This result is

a conseqtmenbe of the fact that the tracking rate is so rrch rmaller than

the c;hupping frequenct.

. Falwr Signral from a Linear ]-radiatiin Dastributior,

Assume that the irradiatior on the reticle is a linear function

of the diviance, x. aluig .i spat e-fixmd axia iii tVir reticle plaim (see

17ig. 6)

0 " M a com 04) (10)

where d = diameter of ruticle, r = distance frum tenter of reticle,

G a polar angle, +M : maximrm irrachation of detector.

The transparetit nreitins of the reticle have 0 boundaries given

by

i hO (i t 0.... 24)

and r boundaries

. tl&a signal falling on the detector is

24 Oi 4 1

5  M A do dr r
i i O i

CONFIDENTIAL
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where R stauids for tha rc~ioinb for r 14 tiAl-Zf.O '1

S= tM i dr - sin 1) (i ÷ + 60 it .

+ 7 sin{r i 4 bul ] <it I +

where 4 is the reticli' ,• rea.

The miidultLiun is Uh'is v; ony 311 LIW lreqLuency. The ro'sponsv

of the ittchlen lor this frequeiic) io small. Remembering that the radi-

ation from the "non-ul a.inuli is '-0..078 of Mat from the main -knnuis.

we h'se. for an unprotected hemispherical windlow (M - 3. 5 , , 30.-300
feet)

0< 3 X 10 A watts

We have here cunsidrrpd 4pM to 14e thet wholc amplitude from the

..9e-,-I Inns. As previously -nted the cylindrically symmetrical corn-

ponent does not contrihute. As the value of # is already negligible we

sallt only make a rough emtimnate oI the further reduction factar,4d" to

c)'linctrlir, a)nimctr). non-cyliTndrical asymmetry for a 0"' angle

ol ai•. k may be considered to be due to zamplin4. by opposite sides of

the optical si-stc:. fiorm tho hot and cool halves ri the window respec-

tively. As dis.cui.d in a later section, this amuun-i. to about 1/5th

aaymmcLrry. Tl1 io reduces * to

C6 x 10" A watts

4. fa'.ae 5i.&aal from a Step Irradiation, DistribuLion

The radiation from a small source may tend to illuminate one

portion of the reticle an:d not the remainder, leaving a sharp boundary

between the two rcgions. Th4 L, bvwuary line may be expected to be smooth

and have fc.- "wigg'eoa over the ruLicle fae. Thisiaac may also be

T1 ZZ7 7
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considered to pot an upper buuzd on the eflect of window radiation. The
tadiation may rot ie.id to a p.1tte-rt r.n hn luvth t the hijed r Pdifl erni 4v-

surn'd above, but will certainiy lea-l to a much 'imoother pattern than

the step function| asismed now.

U figg. 7 ktrve p is an ilh-stration of the type of boundary v-urvc
- required tu modulate, at a 750 cycle frequncy, the radiation faititr on

!/SO tit ,'1 thw rietice. It is so irrt, gular and " wiggly" a$ to be vxtrcmvly

improbable. On the other hand, Q as a very likely b4,,,ndar) curve, but
it imodulates ttae rtdiati~n fa.Linwg on Qnu of the upr'n areas only, /1/30v th
o tnMe rneticle area. It in casily aten that any" curvc, modulated at 71O

c/is, ?ntst hart" slhitp wiggIes to wauudulate a grcatv. Isaution of %l,- Ir
radiation thAn this. !traighL lines cutting more than one open area do
ita in andi. L way that the dif.zrent areas compensate 'ach other as the

rv4,;v pin. oi1.rate am usai ..4l o can. LC o.-
rAied bu At equen•.ti uf - (n aii ntcger > 1). As ?ht- freriuvric

response of the detector is crltiztc.Q we may ' ongcntrate our attention
on Lht 7b1 c, rmd',tation. "Then

U1 the window produLus a itep4ike ir'adiation of the rticle it

mus4t be due to A sm-•l area of thc window, acting approximately as a
point source. At M 3.5 and h 50,000 fevt thi radiation fromn a pnint

on the window will no• exceed iQ09 A vattt.

* S* l+ S* 4 ' ~S l i *.. 4 *.tM+ +I

SAs has bet.t i h ., there are two types ol t•me dependent ir-
radiAtion of the detectvr, the type that it indepvnd-ent -f the chopper ani

the type that i• produced by the chopper. The firs arises from the

chopper being tiiformly and time dependently irradiated. The second

arises Irom the time inJ.4pcldnt non-uniform irradiation of theV LIhUpper.
The detector and amplifier system considered has a sensitivity

to radiation depending upon the modulation frequency of the radiation

i=ide•n upon the detector. Thez sensitivity is greatest for the chopper
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.

freiquency fo. The ratio of the armplitude of the system output for radi-.
ation modulated sinusoidally at a'Yrequeacy f to the amplitude for sinus-
oidat modulation at frequency i. is cat ed the re.ative riapon:e, r1 , ci
the system at frequency f. The relative response may bm approximated

by a Gaussian diatribution:

rf = l ). . . . .

where the constant a determine$ the width of the distrituio..

Let us consider only the window radiation which irradiates the
reticle symmetrically. Due to the Pyninetry of the irradiation the
reticle does not modulate this irradiation. 7,.,, th-_- will onl, be a
fate signal i the window spike radiation received by the annuluas is

time ddpendent.

Such a tinie dependence may be obtained irorA chaagIng tempera-
Luare disatributions on the window, or from the scan•uing of the optical
system over lifferent portions.of the window. The formvr occurs at
a very slow rate, and may be neglected if the latter it shown to be un-

important.

We shall concern ourselves with a harrmonic scanning of ZO"
amplitude and a frequency., 1a of 5 c/a.

1. The Faurier Analysis

Let e(t) bt 6he irradiation of the detectr as a ltnction of Lime, t.

-1I *(t) is a periodic function of time with period fa. then it
may be analyzed into a Fourier series:

0t) #e (0) + ~ () sin 2inft + *e (n) coo 2
wint (l13)

n1

where fil nf

TR227 9
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e~~ ~ ~ vtn = f t<~)cs nt

whore K = ~t¢ (K) * (t)

and the subscripts of -.nd *I v reptrsent the odd aind even i ourtvt com

ponents of O(t) •espettivciy.

U *I) is not periodir, but is transirnt, then the above analysis

into a Furaaier series must be replaced by - Fuurctr tr eftirm. The

catjes treated will be periodic. The' roncluJiona obtained will b- valid

for tranuienta also.

Z. Eliective Irradiation

S'Ale assume that the detector ard amplifirr syptem is linear

(respo•s.e to two sinultaneous sigrial is the mum of rhe responses

which eAch saunal Alone would produce) then we may consider the re.

spon•e to ;mi.requency component ,vrasatvlý- Smnce ri is l .m')l

unless . is near t,. the response will be ncV.i ;b1L except for vch ftv-

qaenciew. The amnapitdc of the component of o(t) having frequency fr

Tfh system reapcinse to tbis Component wilt ha-..c a certain amplitude;

if irradiation of amp:.itude

and frequency f, irr'idiated the detector, the system respuut- wuuld be

the a4#izj. Thus, *n this sense. R. is the effective radiation correspondting

j TR 2.?7 10
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to th.t coPoncnt of 4ý(I) of frequency in. Then we can define the of-

ýC.Ztiv#! irradiation carrcsponding to q pt) a.

R > = i a (15)
R An

na 1

3. 1 he Flx 4b (t) from a Conical Window

We will now con.sder tl.e Lasv of a conical window. We see

from Figs. 19. Z1, '" and .'I of Ref. 4 thý%t the radiation from the cent

varies smoothly. and i.pproximatety linearly with ihe height coordinate

of the cone. The filvi accepted b> the annualus will vary even more

*monthly with the oretaltation of the optiral jkxis than the 4cirva&. be-

cause the annuluso intearatee kirme portions nM I%& c,,r, Th%: ai,,niu.

accepts radiatiwv fromn abbot one half thn window at an) instant.

In general, when the optical axie 5novv, off the mveslle axli one

part of the annuglus me.Vea to cooler regions. white the opposite part

moves to hotter rtgiona.. tending to cotnpeneate. We shall •Ilg."e this

hce.ravr and ,*-v tor the amnplitude ua (uiti varialtion, *, the differennc

it, irrAdmation obtained L.ý integrating iiret over the warmer half of the

abO.t mentioitkned r irvw.-* and .rcondly over the cooker haltas.

EIxamn~intgiM FYgs. V)i and a.1 (of Ret. 4) - olgtsin j oM .'-b. .* ,aoPati-

mrately 0.11 of the total radiaticin for the cone at Z0V attack angle. From

Figs. Zz and 231 we obtain M 50 be approximlatel)y 0.S of the iototl radi-

atiOat for thu uase at 0' attack angle. Thus the maximum value of *M

for the given vatus.s ý4 attac kangle. Mach number and attitude. is ap-

proximately

4M 0 Q.t X 10 4 
watts/i.m,

1
ot M r. 3.5, 1 30,000

and a •0' angle of attack.

If we consider the variation in 0(t) with aingle to he linear, but

thc op.ical syetem to be scanning harmnnicall., we have

4) OM Iin Zu f9 t e (i-s)

11
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The zh-t.2 v'atue sir, ifieo that the temperature drops as the optical

axis rasses the cone 4,xis iron an), direction. Tzl;s is in fact a derivative

discontinuity which i?i practice is smnoothed ever, T'hus we may expect

that Lhe high Irequcrv) mLponentls v, got 4r.'c:• ried and we over-

estima&., the deector respon-!c K. /.

Cnmbin onj Lqs. 14 and It,.
I

( 
4

n M 4 4 s inP TrIK coo 2wnK dK

n even
S-n z odd

while #"(") 0

Therefore

-- • M ry -. Pt-vn

U. I n o odd

and

V= • - . n-z :I

For example, • X 'S c/sec.. fo, 750 c/'sec, 6 189 c/sec.

1where this value for .% corresponds to a 3 db lose at 100 c/sec. from

is) we have

R A #M K 0.6 x 10"3 < K e 10"3

"Thus the 4Elective irradiatioi, Iron the window is less than
-70.6 x 10' watts/ncm 1

TR /77?
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U. CONCLUSIONS

The expected false signals calculated here are reasonably small

compared v:'t. a target signal > 10.6 effective watts/cm'.

If the false signal here calculated i• still too large for certain

desired target signals a remedy would be tz sharpen the response curve

of the detetonr, At preuent ri w I/0 frq I i - f• I = 300 C/a. 'T2h.u

the detector system passes a large fraction of those components of fre-

quiencies which are only sixty times greater than f. and only Il times

greater than fq. T•is is serious for step funition typj. curves which

decrease only inversely as the multiple n. Decreasing the width of ri

has the e;fect of decreasing toe number of multiples n of is or fq in the

pass band. Note that we are assuming a uniform sensitivity over the

detector surfas e.

TR 227 13
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PART 11

RADIATION FROM SIPIKES

A. INTRODUCTION

Previotisly, (Rf. 4),thr effect of aerodynamically hented windows

irradiating their detccturs ),a& been Lompitdd for certain temperature

idstrloutions on conicaal aisd hemisplicrical windows. The use of a cone

reduces the irradiation compared with that from a hemisphere, when

the cone i, at 0* :ift.,- k .nglt ,ue to the lower temperaturees on the cone.

lBecausv '.he curne has Ices aerodynamic drag and is heated to a

bwaiuwhat lower ternperitire than the hemisphere, it is to be preferred.

however in using a conical window, the temperature reduction may not

be great .,ogh t,, justify th. cost and loss in optozal resolution. Com-

prm•mne shapes such as pyramids with hemispherical tipi have beer,

sugeiysld but su;h shapes will irradiate iheir detectors more intensely

than a uunx.

In order tU effeLt a iaore substanitial decrease in detector irradi-

ation, prevent image quality detrrioration, and vel ma.iLntain thP Scow Araý

of the cone, the use of a spike has been proposed to replace the window,

(111f. lI. A- ,ru-wcti';c windcow (paUabl)y hern spherical) could b- Uged

with the spike to reduce air currents. However hecause of the presence

of the Vp•kc the ttmperatures on the protectivc winduw wil', be reduced

below those on tLe original window. Th#. spike reduces the pressur e

loading on the window so that a thiuiw.r shell may be used. Since the

win-'•w intensity is appruximately proportional to its thickness, a thin

hemispherical protective window would irradiate the detector less. even

at the same temperature than a thicker hemispherical window. However,

thi: spike itsel.f is heated aerodynamically and as it is seen by the optical

syst.em a'. certain times it introduces a new series of problems. We

wilt therefore evatate the effocta of a &pike-window on a Sidewinder

type detection system.
I

TR IZ7 1A
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B. SPIKIý I1S0I5ON WITHI RESPECT TO THlE OPTICAL bYSTEM

A realibtic length )f a spike fur th," .r•iumed Sidewinder type de-

si;ii wuald lie 6.5". Fiaiur, b wit! a line drawn oAt to point A show.,s the

position of the propousd bpikt- ,n .&,is. Instead of rotating the optical

bystvi n with rt-pcci tu the spiky, as dt wuiild happen in practice, the

analý 1s5 is simplified by rmncinu the spike around the pivot point. In prin-

;.tphi, one should a.Iso rotate the window, but the edges of the window will

not cut off any of the radiation and. conseqitieitly, this wau not done. 5pike

plositions B, B', C, and C' represent retations of the bystem through 5.5

degrees, 7,i degrees, 10.5 degrees, and 13.5 degrees rispectively.

A ray ,[ light parallel to the axis, (axial ray), which is not masked

by tnu secondary plane mirror, will strike the primary parabolic mirrir

and bi" focussed at the middle of the detector. The present optikal de.ign

also allows that a ray' at plus or minus 1.5 degrees from the axial ray

will also be focussed onto the detector if it strikes the primary mirror.

Ray I i2 obtaincd by drawing a line tv tle edge of the 3econdar>

plane firror -n.ask at 1/Z degreei below the axial ray, the interst tion

of RJ. B3 with the epike-pusition arc startin, at putnt 13. The line from

point 13 to the center of the windoc represents tht r-iative spike-optical

systen rotated 5.5 degrees. Ray B is the ray below whirh no part of

the spike wilt be seen because of the effect of the secondary plane mirror

r.i Pik.

Ray 3' is drawn by starting at the edge of the plane mirror at

l!3 degrcc aboc the axial ray. The line drawn between piint B' and

the pi 'ot point represents the &pike position for a system rotation of 7.1'

degrees.

Ray C is driwn I/- dqegres hbelow that axial ra. which intersecta

the outer edge of the primary mirror. Ray C' is l/Z dPgrees above that

sansie axial r ',. i'he significance of these points is as follows;

1. No luminous point betwveen Kay A and Ray B
will be seen by the detector.

Z. Nu luminous point ahove Ray C' will be seen
because it is outside the field of view.

1P /.27 16
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3. Every luminous point between Ray C and Ray

B' will illuminate the detector symmetrically.

4. Points in the region between Ray B and Ray BI
will illuminate the field asymmetrically.

5. Points in the region between Ray C and G'
will also illuminate the field asymmetrically.
but in the opposite dLrertion from those be-
tween B and B1.

A.1 masking will have no effect on the angular field, but it wili

affect the clear aperture.

The aerodynarnically heated spike in positions 3, 4, and 5 will

irradiate the infrared detection systecm.. The tiurpose of this section

is to evaluate the effects of the irradiations.

As we have shown previously, there is a range of spike positions

in which the ir-'adiatinn of the detection systeti is indeperdent of spike

positions. For any relative motion between the spike and the optical

system within this -',nge of positions, the consequent detector irradi-

ation will .-e independent of time, As for relative motior, beyond this

range we may analyze the irradiation into time independent and time de-

pendent components.

We will first consider the magnitude and th, effects of the time
.;-.~p-n e~t rradiatior, of t•he detection i.) atg,.,.

C. TIME INDF-PENDENT COMPONENT

Consider a spike 0.5 cm ii. diameter. It may at times be at an

angle such that its projection bridges the anviular aperture shown in

Fiv. a.

The maximum temperature of the spike will be no greater than that

of the original hemispherical window. We will also assume that its maxi-

mum thickness (0.5 cm) is the same as that of the original hemisphere

and that it has the same emissivity. Thus an upper limit on the irradi-

ation of the detector by the spike will be obtained by multiplying the

irradiation from the original hemispherical window by the ratio of the

projected area of the spike to the area ot the annulus.

TR ZZ7 17
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irradiation from spike 0.5 X 5 0016
Tdir~w;Y heivnsphvernL a ýýwmndJ' - 3,"7=71

If we add a spike protruding from the front of the hemispherical

windcw, then the resulting reduction in window temperature cuts its

radiatin. wo abnut I/5 of its formed value. In addition. the use of the

spike redu es the air loads so that if a sufficiently thin window can be

used,l then the window radi.Ltion can ie further reduzcd to be equal to

that from the spike. To achieve this reduction in window radiation, its

thickness would have to be reduced to 1/I, that of the unprotected window.

The t tat irradiation will then bu about 0.03.2 of the irradiation

from the unpro',-cted winluw; the latter being 2.1 X 10-4 watts/cmra fur

M 3 3.5 and h z 50,000 ft.

Therefore it i" estimated that the use of a spike even with .- thin

hemispherical window would reduce the time independent component of

radiation. For example for flight at X1 = -. 5 at 50,000 ft. the irradiation

is reduced by a factor of 0.03 to less than 10 watts/cnn2
. The sensi-

tivity of a PbS detector %;ul, iqati be unaffec .ed is its response is unaf-

ft-, td b1 background irradiations of less than 10-4 effective watts/cm z
.

D. TIMt-DEPENDLNr COMPONENT

In Part i of this report, a guneral t xprrssion was given relating

th.' ;4fV.etiV% , ,.nd-Laui, of the dlectlor to the time dependent flux output

from the window (or spike). We shall now etistnate this irradiation for

th, •aef of the aerodynamically heatm' spike.

We have previously estimated the maxim.-.ni flux received by the

aninulus from the spike. As the spike may be en!; t-.y out of view fur

part of the scanning period, we have

-M = 3.i x 15" watts/(mla

It ib possible to conceiv" of the radiation coming froin a small

region near the tip of the spike. Th,: toL,' -r'iatioi, is thi ,, likely to t'e

less than that estimated above but we shall knep that a ; an upper bound.

TR ZZ7 1
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In this case {(t) will approximrate a step iurnction. The radiation will

suddenly appear as the tip of the spike projects nver tho"inner edge of

the annulus. then vanish after it goes over the outer edge. etc. In t

conmplete oscillatior. there will be four steps, the scanning motion

sweeping acrose both sides of the annulus twice.

This is equivalent to a periodic functlon of fritquency fq 4

dcc ribed by

1 3

Tq- q

witi, periodic repetitions.

Letting fn = nfq al"I K fqt, we have

#,(n too 2wriK dK ii n ad,",
Men I M" b •n eeven)

Therefote

2,fnn =- 0&1P

a.nd

•t 
2 4

•M • t

n =odd

For the sarme parameters as in Part I of the report, but re-

rembercnrg we are concerned with fq., not fs, w-. have

R = 0.1b '•M

Thus a considerable part of the signal is in the good reception

region.
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WI" -nay Otwen t'xpvct as an uppe' 6imit, radiation fromn Use spike

of 5 X IOU- effective watts/criZ, it 'i certain to be mach less than this,

.b .(t) i .bstantialhy smootiher thin a step function. This smoothing

is due to the source not being conit;trg.ted at the tip of the spike and

the presence of the aforementioned 1handh at the .rite of the annulua o0.r

which a point source does not fully, imr.,diase the det-.ctor. Again, it is

to be remembered that if thc hot afection is sti". 0v will be smaller

than joitionod here. ThV at.tual signal can be expected to be at least

ten tin•es smaller than thc 5 x 10-7 effective watts/c.zi derived above.

E. CONCLUSIONS

As in the case of the time-.hep..,.t -,idiation fa-um windows, the

signal level from the spik•- will generally have only a small component

at the chopping frequency, It is assumed. however, that the emissivity

of the spike is low and that the chopping froquency is well separated from

the scanning frequency with only chopping-frequency signals passed by

the amplifying system. The emissivity of the spike is discus'sed at length

In Appendix A.

Appendix 13 gives an analysis of ihe radiation roms nartially

trmnsparent stabs having a temperature gradient. Here we find that

the radiation is greater in the directio, ,,f the gradient. This asymn-

mnetrv in radi-ition changes the results of th- ,_cltion of spike

omissivity given in Appendix A. This correction, which corresponds

to the energy traasiered by conduction is usually neglected, In any

given case its magnitude can be found by comparing the powei trans-

fered by conduction to that radiated.

To ninir,1ize the radiation ftoni the spike, it should be of low

emi.ijli lty and as thin as possible. It must, however, withitand the aero-

dynamic loads and high temperatures encountered in flight. The selection

of optimum material optimum shape, with possibly the introduction of a

coolant into a hollow spike presents an engineering prob;em with many

practical sclitions. It is even possible to design an optical system which

will never see the spike. Such an arrangmment is described in Appendix C.
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APPENDIX A

FMISSIVITIES OF CYLINDERS

Here we shall proe-nt calcutiations for the directional emissivity

of both dielectric and metallic r'diatore with circular cross-section.

We inch-de the effect of multiple reflections for the general cylindrical

case which, at present, does not appear in the literature. McMahon,

Re[5.5, 1reats multiple reflection for an infiuite plane slab in the normal

direction, while a paper by R. Gardon, Ref. Z, extends McMahon's re-

sults in all directions for a pint-•atallel slab.

The cylinder under investigation is of infinite length, has radius,

a, and is characterized by volume emissive power - JX.,T); i.@., the

intensity of radiation emitted by I crnZ of material of thickness dx Is,-to

a differential solid angle dUi is j (X,T) dx dtL The absorption coeffi.ieont

is k(k, T).

The cylinder has an optically smooth surface, so we can apply

the usual boundary conditions for the Maxwell eq,..,iion (X <<a) which

result in Snell's luw and the Fresnel coefficients hetwpet incident. ra-

flected and retracted amp.itudes.

It follows from Snell's law that for a given direc.tion of 0Adlation

there is a unique cross-section in the cylinder from which the radiation

emanates. The intersectiou oi the cylinder by the plane (determined by
the radiation ray and a ray normal to the cylindrical surface) is the de..

sired cross-soction. This crnsn.o,-ti r tO~t: zn. r-.y three shapes:

rectangalar, circular and elliptical. We shall treat them first s.pa-

rately and la-cz give a general fornmula embracing all three casca.

A. RECTANGULAR CROSS-SECTION

The preevicus treatment of this ca-c was by McMalihon and recently

by Gardon. M.cMahoa h.4a considered only radiation normal to the slab;

while Gardon gave a gen,'r:l treatment for all angles of emission 6. Out

intermediate results diffsr, but that is due to differeUt definitions of intensity.
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Q (r) s) (1 - r){ ( (-- Z ank/¢TU• -

- r, exp(- Z aik/- zx--airi

S( 1 -qr,) 1 - exp(- a n k/4-n- -- aanrT)11) (0)
t -rp emp d- . k/%r-z------in -0)

Tht total intensity "s I =I I, and the degree of pul.a.iiation z t

p

"The'me' re-salLa ,a'c plottcd in Figs. 9 and 10 with the followlntg values
aied

n 1.5

In F" !. 9 we have two plota for thickness Za - 0.5 cm and ZI = 1.016 cLn
and in Flg.lO we have similar results for an opaque slab, esaentially [cr

a slab with a - o%

According to iiur definition, if the emittinlg body obeyed larrbert's
law, we would have just a straight horiconta ne. The deviation from

the straight line thus Eivesi rhr deviation frirn La•nbertlb iaw.

For a slab of Unite thickness there will be a ndiximum for the
iLcr, ity ernitted at om, 00 wIhiLih iv A function of the thicknesii. I'his
results from the competition of several factors; namely 11he reflection

coef' icient which is a function of 0 -And the exponentiMl in the numerator

and denominator.

.. .. ...
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n. CiRCULAR CRoSS-SECrlON

In a similar mAnner we can catculate the radiation coming out

at the rim of a circle.

Ewftbofit1 of W441011onf

z

A -A j M 90

Thl length of the optical path Is Za eO' 8) and as M result the

radlatton emanating at the surface (without multiple reflectionO) is

and similarly to the infinite plans ul,,b the result including reflected

rl~iatiop, Is

1 -k cosc

This ts#Llt it obvious for values of 6' such that it takes an Infinite path

till we get a closed polygon but it also holds true for 6' v i[' i..

when we can inscribe a closed polygon of which the ray under consideration

is one side of the polygo-n.
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Let there be an n-sided polygon. Then the contribution from the

1-th ride of the polygon (i I, ii) reaclhnig P for the first time Is

1 - -21ak con f')( - R(I - Zak coo 0' R(01 i

atnd for tl' ro -th Little Arufnd (rn 2 . i a

z~k os ý R(14 Zk co OtJA l)ým(i - 1)

Suinining the•

m aO l l

- - Zl •. 6'. - I(')J {e- Zik cOrn 'l'R(OI)In

n 0

Z ak i ccs 01 Za Cri9

-- e -k c -- - Q. E, D.

In this case the reciait i5 sir-iliiar tLo th. infinite plane except that

the length of an unbroken path is bounded t'y lite diameter of the circte.

I ~ (I - r,){ I - CXP (-Z&I VfZ -g "Z/' n)J
ZkfX, T) I - r exp -2ak k'- rin/n)

SX T ) { I - exp (-2 ak n a sin 0 /n}

2•., . (I "r. exp ( -2 ak\•' /t

r 1 c xp (Z a kJ\" - a nz 0/n)

TP 427 24

CONFIDENTIAL



GONF IDENTIA L

C. ELLIPTJCAT, ClHOSS-SECTIOUN

For a thin slab of elliptical shape the inclusion of multiple re-

flection becomes extremely difficult so we compute only thv contribution

of the first path which is

Zak (I + min) ' + *ta-n-' -'

4* -e £ 1 T r + tdia M 7 fl - Rl(8I)

z

XX

Suppose we observe radiation emitted in the direction si. Since

by our assumption about the nature of the surface Snell' s law Is obeyed,

the: radiation will emerge from the cross-section of the cylinder cut by

the plane through thi- Z-Axite and R. Clearly this cross-section will be

an ellipse whenever * J 0 or 4 w

Let' s rotate the coordin;ate axes through Z such that #' a 0; i.e.,

Y' L).7•4id-s with the projection of R on the x-y plane.

The equ.tlun of this ellipse will be

(z++ m1 ln2 yfla + a' (I +m') I

where ma tan #. The cross-section will have the following-shape

2a (I + m'
2  4 ,---

I + =-. (I + k'I

k w tan 01
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The result is

, (1 - I - 0 T) a

the prime oan V.(O) ie to denote that tiiis result is the &etoth appruxirnatiot.

to the final, exLrapolated result as ptven in the subsequent formula.

A-A Ishvet O( 4901

Here we could only get the emited intensity without reflecticn.

This result is

-Za U + ) n q/ 6r-;5n l

P r- rZe [ ak %r-;T-j-Sin

,r. r--XP L n -,,i,,, • •

(1r.) iexp u T i
I - r, "xp -

We &hall find it convenient, however, to use an empirical ex-

pression for the elliptical case includiiig multiple reflection. The

jýuatification for this procedure lies not so much in the fact that our

expression reduces to the right limit at• =ý , 4 = 0, i.e., for the

TR Z27 Z6

CONFIDENTIAL



CONFIDENTIAL

rtctangular and'the circular case resp.ctivelty, but much more in the

fact that the difference between the approximnato and true result is small

anyway for the particAlar values of k, n which are of interest. So we

can write our empirical result

(1 r ) I- r- ., (I lti'd0 0) n~ __-- i(0)• 4-k p- ~ L----• _ -TaTTl•--rO- -

nz s1in' + nk tan.Z 0

r exp 'a [ tan' 0) -T

r, ýl, _ 4 1 + tar. 0) n~rn'iT- Isin'
- ra "'~[~~ ~ -sin

2 0 + n tane

0. TOTAL RADIATION FROM CYLINDER

So far we have gotteii expressioni for the intensity for the three

dtlierent cross-sections. However, we would like to have an expression
which is valid for any one of the cross-sections. As will be shown later

this result is ne•tid if wc w.'nt to cicutate the intensity of parallel rays

*merging at a given angle, We propose an expression of the form

_ (kT){( - R) (I - 4 k (. T)FM ~{ a Zk',T•< (X T|)I

where F(8) stands for either f•(o) or fa (0) and R stands for either r or r a

And

a ZnL (I + tan, etc
I + tan, sec *8 a e, 90

X aI + tan, +)
= n- 0 + n- tan•.0

= an" ' tn '4-•o ••I
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We bhall bhow that the above expression has the right limit for 4o = 0 and

; i.e., when tho cros-s-eetion is either rectangular or cirrular.

a) When t = 0, tan1 * = 0 and
S an

S = -n' in agreement with our previoue results.

b) When*. then we can neglect I with respect to tanl 6 and

Za(n1 - sins 0) with respect to 0I tani *, so that the limit is

.- fa- uTn• iT in agreement with oar previous results.

We may then calculate the intensity emanating from cylinder per

unit length and into an infinitesimally small solid angle dn at angle 8 with

the Z-direction. In the usua. definition intensity Is defined as

I a tim

de 0
dh -o0

where 0 is measured from the normal to the emitting and traversed

area dr. We generaizeed this definition somewhat so as to meet our

1 ,resent reqsiirements. We first evall-.te the total energy radiated by

*he buwol• of rays in the y direction and into a solid angle dw (this io

where the factor cos 0 cos 0 cnters later into the integrand), and then

divide by coo 0. This definition can be stated symbolically as

U lim, S I

dw - 0

where 'W' is the power radiated by the cylinder across the upper or

lower half per unit length. This definition is somewhat artlfici*& tiut very

useful in our applications.

To clarify the problem, we dra-a tht iollowing d4ogram

TR 227 2
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z

Irection of Radiation

Y

In order to perform the integration we have tu u.press the direction

cosin,-v ol each ray in a Lransformed coordinate system Z' , Y, X1 where

,he normnal to the cyli-ider at the point where a given ray emerge@ is the

new Z' axis. That is, for each ray we rotate the cc-ordinate system

aound the x-axi* through an angl e.

The ar.gles 0, and P ueed in our formula for 5 are vulated to

the directicn cosines in the following way:

tan* i coo9aCosm

wh.o. e

cos a .- o. - -*_ ; -"d cosy uL----1

Next we need an expression for lhit change of direction coaliners due to the

rotstion. 41
Writing the rotation mairtx wc get

cus, 0 -sin 0 coo ( 'A

0 1 0 coo 0 Cos

sin ij 0 cox4, cos 70 •Cos y'

TR 227 29
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Cos oa = - Binil t (coo 70')

corn c: ow ZO"

coo P' = cos 4 (co10 70"

Therefore

coo 0 a (cos 70") cor

tan 6' a - uin Lb (cot 70"1

As a rcsalt we have the integrals on the following page.

TR. 227 30
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W ith th esc preiimn rary rieaalts we ar ." read*dy to tackle the central

provlcm; i.c., to calrulate the radiation emanating from a radiating

cylinder.

Wet want to t,.lhultaLe the " intensity" of radiation from the upper

half of G!.. vylinder 1--r unit length into a given dr.rection.

Let as dil;rtsa for a while on the meaning of the word I inte•siý"

as applied to this problhn. For the make of oonv.nience, we ralculatL the

en,.rty rad.ialing into dl1 around the directirn 6 and divde the results by

con X.

Pruvt'ding with the talculatiun we get

"F 1X) =- e(x,2)
p Zk 3

F. ~ ~ (1X - a txi~ e c'

-7-j -1

fL kO~ -n-1\'n - I + c o.,C"z,

Co ] + coAz xJ + \n'q-14c,, 0 2

]•a- akjl+ cotz l; ?in :.' n .n• 1 4/ co'.z x

nz Cotz Xsi 4 ( - 1 4 Lon' o Xost Co )

x OB' o~s Y cos 4,+nz + n z

{ s xcos if cos Xcos d+i- nz+ - Z

TR 2"7 3
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The prt cding integrals are nothing but 'i detailed d.encription of the

following inte3rals.

IV Q* ... (fi) vo0 4 coo X d A

I I'
I 3-co f al l co° aXdA

We can get zhe preceding r:siult from these lt@Lgrals immediately

it we recognize the fact that the altglem appearing in Ip, f which refer

to the normal at the point of emission have to be descrlbed in terms of

the angles of the rotated coordinate sys~em where the uormil coincides

wiL.3 Z. This integral can be eralu,'ed numerically. Some resllt* are

plotteo ilFiig. II.

E. EMISSIVITY OF A METALLIC CYLINDER

The analysis in this ca.. is similar 1' dielectric one. As a

result of the different boundary conditions %., dilferent expressions

for the rftle•ttivn coefficier.ts. Furtherniure it, th.- final expression we

can omit the exponential terms because the magnitude of k will attenuate

the radi;.tion after the traversal of a wavelength.

The final expressions for the cylinder Aru

7-- -os CI f_44coos4#cob ) 4A

f co a coo X 4 dA
coo 1)1 V o~o 6

I - 60 (Xi/re) coa X co r cos coo + I

60 (X/r,) coW,2 ca +oS ,oo X " o CO 4 + ire

TR Z?7 33
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fi -b0(/r•) -0'0 cosxcs4,+coz;2Xco08Jj

1: 60• (,/re) 4 cts J, + CQ. ) c082
-• ~re

where k is tho wavel-ngth of the er.sitted radiation in cm and r. is the

rvoistivity oi the emitting metal in ohm-cm.

F. RAUWATION FROM METALLIC CYLINDERS

The einissivity of a metallic surface as a function of .he angle

away from the normal is given by the following expressions (Ref. 7).

I - t0(k/re) cos, 0 Z "--"- cos8 +l

r~ I¶!/ + co + I
e

I 60(),/re. - cos 6 + coaa 0s •(G) -- r

60~ NXrd + coon t + , ool 0t".

w"`xre X is the wavelength in cm of the radiation considered and re is

the resistivity of the material in ohm-cm.

The calculations have beer carried out both circular and square

metallic cylinder., Wavelength k war taken as two microns, and ce-

sistivity for silver at 900'K was taken to be 5 X 10 6ohm-cm. The

resistivity it an approximate. value, aince the values published in the

' Handbook of Chemistry and Physics' vary from investigator to in-

vestigator. Ermissivitiea nf other me,-ls are given in Fig. U. The

characterif.tics of the metal are such that a cylinder of radius one h.ilf

of the fused quartz cylinder radius will suffice for our purposes; we

are able to compare on this basis the radiated intensities of bolh nu-

mericaily.
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CONFIDENTIAL



CONFIDENTIAL

The results (plotted in Fig. 13) show by comparison with Fig. 9

that the total intensity radiated from the metallic. cylinder is considerably

smaller (at each of the angles 70', 75^, and 80c ealculated) than the tI*.4l

intensity from the dielectric cylinder.

Anothui conclusion whicr. may be of greater interest is 'hat if

we consider th.n use of a polarizing shield arnitnd th" ibject in the di-

electric case the intensity will be cut approgi aily 6y a factor of 2

while in the metallic case the intensity is reduced by a factor ranging

from 18 to 47 going from 70' to 80'.

Offhand it avems Srrange that this polarizing effect of the metal

it not obrerved in reflected light, bu. the explanation in fairly obvious.

F7or w.,..t at amo•unts to is that R,/R1 - 1, where Rl refers to the re-

iiectuiut 'oefficicnt of the first compoaect and RX refers tu the reflecliol,

coeffici,.nt of the svund component, and I -- ER/I - R 20. Say for

the sakp .i illustration that "/RIR % 0,9 and that

Then substitutingthe ii-s. ratio into tlhe second w. -"t

19

Then if RI add Hit. are very close ." ., the ratio I -'RI/1 -Rz can be

much larger than RI/R1.

Both dielectric and metallic fquare cylinders may be considered

(Fig. 13) with the result tk-at iL only one side ii "iewetd the radiation is

smaller than the correspcndi~ig radiation e..i fr-.in the upper half

of A circular c¢lindler of the sAaie volume. However, if we include the

total maximum vicw, that is two sides of tUi square cylinder, the total

radiation is larger.

We shall now statv a theorem which will enable is to tell which

of two emitting objects gives the smaller values of 1A (I = intensity and

A = Area viewed) when the objects have the same volunje.

Theorem: Given an emitting objecr the absorption coefficient

of which is different from zero, the smaller A/V is for a given volume,

TR 227 35

CONFIDENTIAL



CONFIDENTIAL

the smaller is thc amount radiated.

We -sha!! pr-,- a .-cry* np~ial caac: a ulab of material o

thickness d atid width w, coefficient of iieflection R and coefficient of

absorption k. Le:t dw = constant. We have for the radiation ,,mitted

in the norunaý direction per unit length across %;winto An infinitesimal

-olid angkc an cx.prc-uion

The above expresuion includes multiple reflectiona.

Dilferentiatiig with respect to d and substituting for w ý c/d

,tnd equating to zer. we get

r U . - R1 [ k,." Hd e- kd) _!k,. - kdR Lz- kdl

Whitt there may be relat;u e mininia for d < w. at d - ao the miniin);ji

in aboolute. The proofrcould be gcnera•ized for arbitrar) shapes and

volumeV•.

As a result, we car' dude that for minimum radiation the

metallic cylinder should be .ed.
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APPLND1X B

RA!ýJIATION FROM PARTIALLY TRA"1SPARENT SLABS HAVING
"TEMPERATURE G14ADIENTS

We shall con•ider the Lollowing problem here. Given a plane-

para1e.l inlinite slab of m.-ieri&l with thickness d. by means of external

herit oaths "ua keep the two boundAries at different temperatures. As a

result of this type of heating we 8et a temperatare distribution inside

the material T(x); where T10) u T, and T(d) a To, (See Fig. 1)

Let a beam of light of intenvity lt(v) entmv ;he medium normally

to the surface. What is the Intensity of the eanotojent be."ni 1(d, v) when

"T, < To and T, is as shown In the diagram and when T, and To are

We shall assume that T(x) vartsn slowly enough so that we do

niot violate local thsrmodyriamic equilibrium ;.-nditions too violently.

The equation of tvansfor one usuaily writes dowo for such a

problem is

v 1(X~,Pmn •pxy•lJ,|x,y,n,",r,) - k,/lxy.z0 (x.y,z,f,mr,n)]

where 8 (I +r.

where 1,rnn ane the direction cosines. One next rmakes . f ,he

ass•.ys-tion of ' local thermodynamic vquil.hr1• .. " and puts I ' FS (BvT)

(Kirchhoff L"w). However this ntow equation,

41v pB j0
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doeso not tell, the whole story. The above equation does not take into

ac.ou,,.t that j (x) also depend, on the amount of incident intenrity at thqe

point x. To remedy this situtation, one workes directly with th. Einstein

coefficients as defined for thernodynarmic equilibrium. Thu .'esult is a

modified equatior

dl
d3T =-pk' [1%(T) - i] (2)

where k z k [ - exp - n J
Solution of the above esuation

We limit ourselves to propagation in the normal direution (x direc-

tion o:,iy) and therefore get a one-dimensional equ,.tion. (Actvally thia

restriction is not too unrealistic because the e.-nerg'ng beamu will not f-on-

tain contrihutions from radiation emitted .'P directions different from the

normal).

So we have to solve the following:

dI, (x) [v ( Z hv3  1

T ;~(_3j [c X - v j(3

dy
Equation (3) i, of the form i-. + yP(x) Q(x) (3)'

hv xp-h

where 1-jx) !r pk[ II - xp(!N 4zP )

Zhvs pkv I e p
and Q(x) . -A-.• exP-

The solution of (3)' is

Y(x) -x ' P(S)dSj {QNi) exP[5 PCS)dSj
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U xw further specify the ir~Cial condition that y(O} a yq then the solution

ts,

A 4 G .NP P(S)dS QN) exp (( P(S)d) a + y]yl) .p .0 .10 S)\

or translated into our problem we get

k, , - (is J 4Sdw

41 ~

Dicuelon of Res-ýtt

We wish to compare I 11)(d) for the case w'het. the bvam traverses

the slab In thz direction of Intremp ing ta..iparatura witL I (Z:(d) beam

traveraing slab In direction of decreasing temperatur*. Without lobe of

geinmrality wi, can assume thatT(x) 'r + arx for cave i and 'f(x) a TZ -

for came Z

[KI '~ d+
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and it? (d) -1 fi j -~---- L x X

v

L tus .1rmi the djfff-rim,'e

-x h. *'p expf. i y ] ) tIx

_ _ _ _ -- I
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atid Ex v.~ ~ - WF Fi~I

-x • 4d -A

One car easily svvr the A(x') is decreasing with xv .,nd that ll(R' d - x')

.1 nor-negti,., gvcrverwhcrc. Thia sollo.s from the fact Lh.it

( --*.,p f - h%,/k(' I ') p]) is a dec reaming function of p. So it fui ....

that 1i2)(d) - ltlld)> U.
Now Iht us ask another question. Do the &,mnc conclusions huld

if kv increamem with tompeeature7 Na!treally if k,(x) (I - exp [ - h ,/k(T x)

it still a deratialng function then the conclusiuns are the same.

Next should k (x) (I - c-xp [ - hv/k(TI ÷ ax)] ) be indep~ndvtht of x*

thon 1,(11 (d) A &()dJ).

Aid the third possibility that

d- {k(x) 1i - expi - lrv/k(TI , ix)f)) > Othen i ')(d) - lI(2)(d) c 0

/ ld, v,)

x=O L

x d T(O) :T

Light
Bcal"

TR ZZ7 411

CONFIDENTIAL
-- j : " : "" - .m



CONFIDENTIAL

APPENDIX C

INVISIBLE SPIKE,

It now remnaitns to consider metpthods which will Lunceal the spike

f.-om the dtettor.

There are two ronsivilities. First, the spike can be angled so

as tu lin" hidden hy tOmi: secondary mirror. Since the angle between the

optical a4xis and tht missile axis and the anlie of attack of the missile

are no' re.it•ed there would then be positions in which the spike wovid

be at Lov #real art angle with respect to the d'., of motion for best

aerodynamic operation. A butter solution is to a.ia ct the optical system-n

so as to i;.ask a spike tfixed un the missile; for exmmple, oy moving the

nccurd.ary mirror.

As the Optical i)sten filted to follow an oil -axis target, the

physical spike Xenerally comeb Into the v-iew of the deteztor, aod unless

pi-,autions are taken a signal is produced. A simple nethod oI shield-

ing t1)) spike trum, view, by me-ins of a :noving secondary mirror, will

be dese ribed here.

The pritindry mirror uf the optical system is rotated about the

focal po~nt when an off-axis objec t is to lie observed, At the same

time thi Lecondry mirror is tr4nslated parallel to itself in the plane

ol its siticred surface. The translation blocks the bpike from view.

Sinct L:-: focai point it, unchanged and the plane of the secondary mirror

is preserved, the radianion is focused &t the same point at all timea,

aiyd hence the detector is left stationary. A slot in the primary per-

nmts tilting the pximary about the axis of zht ti,is.it, *haler letving the

deti:etor statior.:ry. The slot may be so placed as to be in line with

one of the JIapporta Of thie a,:oud• v* - ?iCl ,, tjdit imiformation

is lost through its presence. Theen mo.1 p tt.e ',rimrar ri-.. ,-t pro-

duce a signal when different parts of the slot come into the view of the

detector.

Using a geometry where the diameter of the apertare is 11* cm

and, the length of the spike 14 cm, (see Fig. 8) one finds that the secondary
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inust C(ovcr abuuL 1/4 of the aperture in urder for the mirror to shie'd

out th, spike for a ZO' tilt. This still leaves one with a reasonably hign

f-narnLQr in our ftattened cavacgrAinian system,

14-c
FclPoint

Socordory MirrorV SeMondory Motion

20.1 PimoryMirro
20°-, 20

Sot at Primary Motion

Spike (end on)
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Figure 6. Sch:rnatic Diagram of Sidewinde," R:licle with Linear Irradiation
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